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Abstract: Two Chinese strains of Japanese encephalitis virus (JEV), A2 and P3 were 
compared with three Japanese strains, Nakayama-NIH, Mie 44-1 and JaGAr-01 by 
antibody—absorption test and hemagglutination (HA) test. Structural polypeptides were 
analyzed by polyacrylamide gel electrophoresis. A2 and Nakayama-NIiH strains were 
found to possess specific antigens in addition to common antigens. However, Mie 44-1 
and A2 were found to have almost the same antigenicity. Hemagglutinins of A2, P3 
and Nakayama-NIH showed optimum pH at 6.4 or lower and stable for heating at 37°C. 
JaGAr-01 strain possessing optimum pH at 6.8 or higher was unstable for heating. In 
spite of these biological and immunological differences, analysis of the structural poly- 


peptides by polyacrylamide gel electrophoresis showed no difference. 


INTRODUCTION 


The evidences of immunological difference of JEV strains have been accumulated. 
Hale and Lee (1954) firstly reported the existence of immunological variation in JEV. 
Kobayashi (1959) and Ogata (1959) demonstrated the difference between G-1 and 
Nakayama-NIH strains by cross protection, hemagglutination-inhibition(HD , complement- 
fixation (CF) and neutralization tests. Okuno et al. (1968) attempted immunotyping of dif- 
ferent strains of JEV by antibody—absorption, hemagglutination-inhibition and complement 
fixation tests. The results of those investigations showed that two immunotypes could 
be distinguished among a number of JEV strains isolated in Japan. Not only from the 


view-point of effective vaccination, an investigation on the existing immunotypes of JEV 
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is considered to be important for the epidemiology and ecology of JE. Oda (1976) re- 
ported no appreciable antigenic difference among newly isolated strains by neutralizing 
antibody-absorption test. 

The JEV is now prevailing widely in the east and south east parts of Asia. Yet, 
papers were seldom to deal with the comparison of the properties of JEV strains from 
the different geographical regions. The present report reveals the results of an com- 
parative study on immunological and biochemical properties of JEV strains isolated in 


China and Japan. 


MATERIALS AND METHODS 


Virus strains: All viruses were prepared as 10% emulsions of infected suckling 
mouse brain in 1/75 M PBS, pH 7.4 containing 2% calf serum. The emulsions were 
centrifuged at 7,000xg for 15 minutes in a refrigerated centrifuge andt he supernatants 
were stored at —80°C as virus stocks. The origin and passage histories of virus em- 
ployed in the study are described in Table 1. 

Preparation of hyperimmune sera: Six week old ddY strain of mice were used for 
immunization. For Mie 44-1 and A2 viruses, mice were immunized intraperitoneally 4 
times by a week interval with diluted infected mouse brain suspension except the initial 
immunization with 0.1% B-propiolactone inactivated vaccine. For Nakayama-—NIH virus, 


all immunization was made with live virus. Mice were bled a week after the last im- 


Table 1. Strains of Japanese encephalitis virus 

Name of Isolation Passage 
ett Year Place Source misionies 
Nakayama-NIH 1935 Tokyo Human CSF Ad multiple Sm 9 
JaGArA-01 1959 Gumma Culex tritaeniorhyncus | Sm 6 Ad 2 Sm 8 
Mie 44-1 1969 Mie Culex tritaeniorhyncus Sm 5 
A2 1949 Beijing Human brain Ad 37 
P3 1949 Beijing Human brain Ad 56 

Ad: Adult mouse brain Sm: Suckling mouse brain 


CSF: Cerebrospinal fluid 


munization, then sera were separated and stored at —20°C. 

The antibody-absorption test: The procedures followed essentially those reported 
by Clarke (1960). Absorbing viruses were obtained from 20% infected suckling mouse 
brain suspension by centrifugation at 7,000xg for 60 minutes followed by further cen- 
trifugation of the resulting supernatant at 100,000xg by Spinco L ultracentrifuge for 2 
hours. For the actual test, viral pellets prepared after the ultracentrifugation from 1 
ml, 3 ml and 5 ml of 20% infected brain suspension were mixed with 3 ml each of the 
hyperimmune sera diluted 1 :10 in absorption tubes employing a sonicater. The mix- 
tures were kept at 37°C for 30 minutes, then in a cold room for 16 hours. The sen- 
sitized mixtures were subjected for ultracentrifugation at 100,000xg for 2 hours. The 
supernatants were heated at 56°C for 30 minutes to inactivate trace amount of infective 
virus and used for neutralization test as the absorbed sera. 

Plaque reduction neutralization: Procedure for plaque production of JEV on chick 
embryo (CE) cell monolayers were essentially the same as described by Porterfield 
(1959). Briefly, chick embryo cell monolayers were prepared from 9 days old embryos. 
A sample from 2-fold serial dilutions of test sera was mixed with an equal volume of 
virus suspension containing 100 PFU in a final inoculum. The mixture was incubated 
in 37°C water bath for 1.5 hours, and inoculated to the monolayer cells. After 1.5 
hours of adsorption, the monolayer was overlaid with the first overlay medium. The 
second overlay medium was applied 48 hours later. Plaques were counted the next day. 
Neutralizing antibody titers were expressed as reciprocals of the highest serum dilution 
showing reduction of plaque numbers more than 50% of that of control. 

Hemagglutination (HA) assay: Preparation of sucrose-acetone (SA) antigens and 
measurement of HA activity with a microtiter was modified from the standard technique 
of Clarke and Casals (1958). 

Purification of viruses: Viruses employed for purification were grown in BHK-21 
monolayer cells as described elsewhere (Kitano, 1977). Viruses were purified by poly- 
ethylene glycol precipitation and two consecutive sucrose gradient centrifugation as des- 
cribed by Kitano (1977). 

Polyacrylamide gel electrophoresis : Polyacrylamide gel electrophoresis (PAGE) 
was performed according to Laemmli (1970) in 12.5% acrylamide concentration. Sam- 
ples were treated with 1.5% SDS and 1% 2-mercaptoethanol and heated at 100°C for 
90 seconds. After electrophoresis, polypeptide bands were detected by staining using 


Coomassie Brilliant Blue. 
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RESULTS 


Antibody-absorption test for antigenic analysis 

Chinese A2 strain was compared with Japanese Nakayama-NIH and Mie 44-1 
strains. Anti-A2 immune serum was absorbed by Nakayama-NIH or Mie 44-1 virus 
as well as by homologous A2 virus. The results are shown in Fig 1. Anti-A2 serum 
showed neutralizing antibody titer 1:640 when measured by three strains. Antibody titer 
dropped gradually down to 1:40 by increasing amount of absorbing homologous A2 
virus 1.0 to 5.0. The same degree of absorption was observed when absorbed by Mie 
44-1 strain. However, A2 specific antibody seemed not to be absorbed by Nakayama- 
NIH strain. Anti- Nakayama~NIH serum was thereupon absorbed with A2 virus. As shown 
in Fig 2, Nakayama-NIH specific antibody was consistently left even after increasing 
‘amount of heterologous absorbing virus. Such a difference of the absorption curve was 
observed more definitely when absorbed by Mie 44-1 virus. Neutralizing antibody titer 
.1 : 640 against Mie 44-1 virus in anti-Mie 44-1 serum was dropped remarkably when 
absorbed by A2 virus shown in Fig 3. However, Mie 44-1 specific antibody was clearly 
remained after absorption with Nakayama-NIH virus. Therefore, it seems reasonable 
to conclude that the antigenic composition of A2 virus is close to Mie 44-1 virus being 


definitely different from Nakayama-NIH virus. 
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Fig 1. Absorption curve of anti-A2 antiserum by A2, Mie 44-1 or Nakayama-NIH virus. 
Anti-A2 antiserum was absorbed by various amounts of absorbing viruses, A2, Mie 
44-1 and Nakayama-NIH. The residual neutralizing antibody titer was measuerd 
by A2 A A, Mie 44-1 W W., or Nakayama-NIH © © virus. 
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Fig 2. Absorption curve of anti-Nakayama-NIH antiserum absorbed by Nakayama-NIH, A2 
or Mie 44-1 virus. 
Anti-Nakayama~NIH antiserum was absorbed by various amounts of absorbing viruses, 
A2, Mie 44-1 and Nakayama-NIH. Symbols are the same as in Fig 1. 
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Fig 3. Absorption curve ot anti-Mie 44-1 antiserum absorbed by Mie 44-1, A2 or Nakayama- 
NIH virus. 
Anti-Mie 44-1 antiserum was absorbed by various amounts of absorbing viruses, A2, 
Mie 44-1 and Nakayama-NIH. Symbols are the same as in Fig 1. 
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pH-dependency and heat stability of HA 

Since some immunological difference was observed in the surface antigens among 
three strains of JEV, the other properties of the surface proteins such as pH-dependency 
and heat stability of HA were examined. In addition to the above three strains, P3 
and JaGAr-01 strains, each isolated in China and Japan, were employed in the experi- 
ment. Fig 4 shows the results of HA test at various pH with SA antigen prepared from 
suckling mouse brains infected with each strain. Strains Nakayama-~-NIH, A2 and P3 
showed the similar HA pattern having the optimum pH at 6.4 or lower. On the other 
hand, the optimum pH of JaGAr-01 and Mie 44-1 strains were 6.8 or higher. Heat 
stability of those HA at their optimum pH were investigated at 37°C for the period of 
150 minutes. As seen in Fig 5, HA of all strains except JaGAr-01 showed more or 
less stable characters at 37°C. However remarkable decrease in HA titer was observed 


in case of JaGAr-01 strain. 
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Fig 5. Heat stability of hemagglutinin of five 
JEV strains. 
SA antigens dissolved in borate buffer 
pH 9.0 containing 0.4% bovine plasma 
albumin were incubated at 37°C. 


60 64 68 60 64 68 At various time intervals, portion of 
pH samples were withdrawn and subjected 
for HA titration. 
Fig 4. pH-dependency of hemagglutination Note: 
of five JEV strains. P3 [| }——_[_], Mie 44-1 Jj — B. 
A2 A A, 
Nakayama-NIH ©O———Q), 
JaGAr-01l @ ©. 
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PAGE pattern of polypeptides from 
purified virions 

A glycoprotein, one of the three struc- 
tural polypeptides of JEV is known to show 
a hemagglutinating activity and to contain a 
strain specific antigen. Therefore, it was 
expected to show any molecular difference 
of glycoprotein among JEV strains by SDS- 
PAGE. Viral particles were purified from 
the infected culture fluids with A2, Naka- 
yama-NIH and Mie 44-1 strains. The struc- 
tural polypeptides were analyzed as described 
in Materials and Methods. Three species 
of structural polypeptides of JEV, envelope 


protein V1, V3 and core protein V2 were 


demonstrated from all strains. No differe- 


nee in the mobility of these polypeptides was Photo 1. Comparison of structural polypeptides 


observed in PAGE with three strains employed of three JEV strains by SDS-PAGE. 
in the experiment as shown in Photo 1. Note: 1 Nakayama-NI1H, 
2 Mie 44-1, 
3 A2. 
Vi ——- Membrane protein, 
V2 Core protein, 


V3 ——— Glycoprotein. 


DISCUSSION 


Various methods have been applied to studies of the antigenic difference of JEV. 
Those were mouse protection test (Hale and Lee 1954), neutralization test (Kobayashi, 
1959), kinetic neutralization test (Ozaki and Tabei, 1967), absorption test of neutraliz- 
ing antibodies (Oda, 1976) and radioimmunoassay (Trent, 1977). The protection test 
is the method sensitive enough to detect minor antigenic difference. However, its re- 
sults contained a wide error range which sometimes masked possible antigenic differ- 
ences among JEV strains. Minor difference of antigenic structure of JEV was clearly 
demonstrated by antibody-absorption test or radioimmunoassay. Since our purpose of the 
present study is to know the epidemiological meaning of any antigenic difference be- 
tween JEV strains isolated in China and Japan, antigenic difference of three JEV 
strains was examined by the antibody-absorption neutralization test. As seen in the 
text, some difference was observed between Chinese A2 strain and Japanese Nakayama- 
NIH strain, although A2 strain showed close antigenic similarity to a recent Japanese 


isolate, Mie 44-1 strain. Therefore, the observed antigenic difference between A2 and 
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Nakayama-NIH may reflect the difference of passage histories as suggested by Okuno 
et al. (1968). 

It was reported that some properties of HA such as pH-dependency were changed 
during the passage in the laboratory (Okuno et al. 1965). Therefore, pH-dependency 
and heat stability of HA were examined on Chinese and Japanese strains. In our ex- 
periment, the optimum pH of A2 strain was lower, being different from Mie 44-1 and 
similar to Nakayama~NIH. The hemagglutinin of A2, Mie 44-1 and Nakayama—-NIH 
were all stable at 37°C. Consequently, there seemed no relation between antigenic dif- 
ferences and pH-dependency or heat stability of JEV strains. JEV is known to have 
three structural polypeptides (Shapiro et al. 1971) and the major glycoprotein is essential 
for the expression of HA or neutralization (Kitano et al. 1974). By solid phase com- 
petition radioimmunoassay, Trent revealed that glycoproteins of flaviviruses also contain 
type-specific, complex-reactive and flavivirus group-reactive antigenic determinants 
(1977). However, no difference was observed by SDS-PAGE analysis in three structural 
polypeptides, including glycoprotein, of A2, Mie 44-1 and Nakayama-NIH strains. 
It is remained for further investigation in future to analyze the antigenicity of those 
polypeptides by more sensitive immunochemical method such as a radioimmunoassay as 
reported by Trent (1977). 

At present, there is no definite evidence of geographical difference among strains 
of JEV isolated in various parts of the world. Therefore, it may be allowed reasonably 
to use a common JEV strain for diagnosis of JE or for vaccine production in any parts 


of endemic area of JEV in the Asian countries. 


ACKNOWLEDGMENTS 


We thank Dr. B. Simizu of our laboratory for many helpful discussions and Mr. 


S. Yabe for preparing the manuscript. 


REFERENCES 


1) Clarke, D. H. (1960): Antigenic analysis of certain group B arthropodborne viruses by antibody 
absorption. J. Exp. Med. 111, 21—32. 

2) Clarke, D. H. & Casals, J. (1958): Techniques for hemagglutination and hemagglutination-in- 
hibition with arthropod—-borne viruses. Am. J. Trop. Med. & Hyg. 7, 561—573. 

8) Hale, J. H. & Lee, L. H. (1954): A serological investigation of six encephalitis virus isolated 
in Malaya. Brit. J. Exp. Path. 35, 426—433. 

4) Kitano, T. , Suzuki, K. & Yamaguchi, T. (1974) : Morphological, chemical and biological 
characterization of Japanese encephalitis virus and its hemagglutinin. J. Virol. 14, 631—639. 

5) Kitano, T. (1977): Unusual migration profiles of Japanese encephalitis virus structural polypep- 


tides in SDS-polyacrylamide gel electrophoresis. Archives of Virol. 54, 159—163. 


31 


6) Kobayashi, I. (1959) : On the immunological differences recognized between two strains of 
Japanese B encephalitis virus. Virus, 9, 474—482., in Japanese. 

7) Leammli, U. K. (1970): Cleavage of structural protein during the assembly of the head of bac- 
teriophage T4. Nature (London), 227, 680—685. 

8) Oda, K. (1976): Antigenic characterization among strains of Japanese encephalitis virus isolated 
in Hyogo Prefecture by the antibody-absorption test. Kobe, J. Med. Sci. 22, 123—137. 

9) Ogata, T. (1959): Experimental studies on immune response in mice vaccinated with Japanese 
encephalitis vaccine used in the field (Į). Virus, 9, 124—129., in Japanese. 

10) Okuno, T., Suzuki, M., Kondo, A. & Ito, T. (1965) : Variability of strains of Japanese en- 
cephalitis virus in regard to the pH-dependency in hemagglutination. Japan. J. Med. Sci. Biol. 
18, 227—238. 

11) Okuno, T., Okada, T., Kondo, A., Suzuki, M., Kobayashi, M. & Oya, A. (1968): Immu- 
notyping of different strains of Japanese encephalitis virus by antibody-absorption, hemagglutina- 
tion—-inhibition and complement-fixation test. Bull. W. H. O. 38, 547—563. 

12) Ozaki, Y. & Tabei, K. (1967): Studies on the neutralization of Japanese encephalitis virus. 1. 
Application of kinetic neutralization to the measurement of the neutralizing potency of antiserum. 
J. Immunol. 98, 1218—1223. 

13) Porterfield, J. S. (1959) : Plaque production with yellow fever and related arthropod~—borne 
viruses. Nature, 183, 1069—1070. 

14) Shapiro, O., Brandt, W. E., Cardiff, R. D. & Russell, P. K. (1971): The protein of Japanese 
encephalitis virus. Virology, 44, 379—388. 

15) Trent, D. W. (1977) : Antigenic characterization of flavivirus structural proteins separated by 


isoelectric focusing. J. Virol. 22, 608—618. 


HAS & FAB As oye Ste ARIE 1 ARO RIE, Beeb FERo A. 
2 AR HEFP. Ta REOTSEAD, /IMKIESe, UME, KELE, AG HH CZ 
THREW, DILA VT y Fy BM) 


PER COPE S NAHRAL A JEV) 28k, A28, P32 ERORTZE, AILEMPERS, 
HA CARES tie 3 tk, PUTIR, JaGAr-Olfk, Mie 44-1% l IRET A BAY CHARI 
ie, MERRE CHA) RE, RUT ZU ATs BRB (PAGE) Ziro t. 

CORA ARE PU PHROMICI2, FRO ic ZHENOKORRARAEET A 
CERO bite. —HMie 44-1#kKL ARTIAN LA ELI. A2kk, P3#k, HBL 
— FRO HA RÆK PH W6.4meHO EC, 37°C om HRE CH oZ. cCHhicwt 
LT JaGAr-Ol kit, Bis pH (6.8m tn AET, MAICBRBECHOK. 

TORSK, FRANCES, EMEC EMADHKEOKML, UT.” YO PAGE E 
OAM TRO ZBI ido ke. 

RR #235 1S 23-318, 19814634 


